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STANDARD NOMENCLATURE FOR AIRSPEEDS WITH TABLES AND CHARTS FOR USE IN
CALCULATION OF AIRSPEED

By Wirnrayx 8. Axgn, Jr.

SUMMARY

Symbols and definitions of various airspeed terms that hace
been adopted as standard by the NACA Subcommittee on Air-
craft Structural Design are presented. The equations, charts,
and tables required in the evaluation of true airspeed, calibrated
airspeed, equivalent airgpeed, impact and dynamic pressures,
and Mach and Reynolds numbers have been compiled. Tables
of the standard atmosphere to an altitude of 66,000 feet and a
tentative extension o an altitude of 100,000 feet are given along
with the basic equations and constants on which both the stand-
ard atmosphere and the tentative extension are based.

INTRODUCTION

In analyses of aerodynamic data very often wind-tunnel
or flight measurements must be converted into airspeed and
related quantities that are used in engineéring calculations.
Attempts to accomplish such conversion by use of available
methods have been complicated by the diversity of symbols
and definitions and by the necessity of referring to equations,
charts, and tables from a number of different sources. A
standard set of symbols and definitions of various airspeed
terms that were adopted by the NACA Subcommittee on
Aireraft Structural Design and a compilation of the necessary
equations, charts, and tables for converting measured pres-
sures and temperatures into airspeeds, determining Mach
numbers and Reynolds numbers, and determining other
quantities such as dynamic and impact pressures that are
of interest are therefore presented herein.

In the preparation of the present paper, results that have
been included in previous papers have been extended to
include higher altitudes and quantities not given in the
previous papers, since recent requests have indicated the
need for such an extension of standard-atmosphere tables.

The tables and figures have been arranged for ease in
determination of the airspeed, which is ususlly based on the
interpretation of measurements of differential pressures
obtained with some pitot-static arrangement. The inter-
relation of the various airspeed quantities is independent of
the method used in the measurement. Instrument and
installation errors have been assumed to have been taken
into account.

STANDARD SYMBOLS AND DEFINITIONS

At the November 1944 meeting of the NACA Subcommittee
on Aircraft Structural Design, representatives from the

Army, Navy, CAA, NACA, and several aircraft manufac-
turers adopted as stendard the following symbols and
definitions for airspeeds:

V' true airspeed
V' indicated airspeed (the reading of a differential-pressure

airspeed indicator, calibrated in seccordance with the-

accepted standard adiabatic formula to indicate true
airspeed for standard sea-level conditions only, un-
corrected for instrument and installation errors)

17, calibrated airspeed (the airspeed related to differential
pressure by the accepted standard adiabatic formula
used in the calibration of differential-pressure airspeed
indicators and equal to true airspeed for standard sea-
level conditions)

¥V, equivalent airspeed (Vq'/?)

Use of equivalent airspeed in combination with various
subscripts is customary, particularly in structural design,
to designate various design conditions. It is suggested that
the foregoing symbols be retained intact when further sub-
scripts are necessary. )

Most of the following symbols, which are used herein,
have already been accepted as standard and are used through-
out aeronautical literature. The units given apply to the
development of the equations in the present report.

Vv true airspeed, feet per second

Ve calibrated airspeed, feet per second

V. equivalent airspeed, feet per second

a speed of sound in ambient 2ir, feet per second

Af  Mach number (V/a)

p mass density of ambient air, slugs per cubic foot

fo standard mass density of dry ambient air at sea level,
0.002378 slug per cubie foot

- density ratio (p/pg)

dynamic pressure, pounds per square foot %pV’)

qe impact pressure, pounds per square foot (total pressure
minus static pressurs p)

P static pressure of free stream, pounds per square foot

p,  static pressure of free stream under standard sea-
level conditions, pounds per square foot

t temperature, °F or °C

At difference between free-air temperature and tempera-
ture of standard atmosphere, °F
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T absolute temperature, °F absalute or °C absolute

T,a standard-atmosphere free-air temperature, °F abso-
lute

Ty standard sea-level absolute temperature, 518.4 °F
absolute

T.  harmonic mean absolute temperature,
(defined in equation (B5})

°F absolute

f compressibility factor defined in equation (11)

fo compressibility factor defined in equation (16)

¥ ratio of specific heat at constant pressure to specific
heat at constant volume (assumed equal to 1.4 for
air)

h absolute altitude, {eet

by pressure altitude, feet

g acceleration of gravity, 32.1740 feet per second per
second

m modulus for common logerithms, logy ¢ (0.434294)

& coefficient of viscosity, slugs per foot-second

v kinematic viscosity, square feet per second (p/p)

R Reynolds number (p %Z)

R,; Recynolds number for standard atmospheric conditions
characteristic length, feet

~

CALCULATION OF AIRSPEED AND RELATED QUANTITIES

Because pitot-static arrangements are used as the basis
for the determination of airspeed, aeronmautical engineering
practice has developed to include the use of a number of
airspeed terms and quantities, each of which has a particular
field of usefulness. True airspeed is principally of use to
aerodynamicists, and indicated and calibrated airspeeds are
principally of use to pilots. Equivalent airspeed is used by
structural engineers, since all load specifications have long
been based. on this quantity.

Definite relationships exist between true airspeed, Mach
number, Reynolds number, calibrated airspeed, and equiv-
alent airspeed, and all these quantities may be related either
to the dynamic pressure ¢ or to the impact pressure q..
Some of the relations presented herein. apply to._the calcula-
tion of true airspced and Mach number from airspeed
measurements obtained with an airspeed indicator of stand-
ard calibration. Other relations apply to the calculation of
true airspeed when the impact pressure is measured directly.

If it is assumed. that the total-head tube and the statie-
head tube measure their respective pressures correctly and
that these tubes are connected to an gppropriate instrument,
the impact pressure measured is given by the adiabatic
equation when V<a:

_ 5 _ _
_ Y—1p o\ 71 _
ge=p [(1 +——-27 P V 2) 1:| (1)

Standard airspeed indicators used in Army and Navy
airplanes since 1925 have been calibrated according to

equation (1) for standard sea-level conditions: that is,
according to the equation when V<g,

Po|: 1"‘7971 ;0 I”)T B I:I 2)

where the subscript 0 denotes standard ses-level conditions
and V. is the calibrated airspeed. The calibrated airspeed
is, therefore, equal to true airspeed only for standard sea-
level conditions.

DETERMINATION OF TRUE ATRSPEED FROM CALIBRATED AIRSPEED

The formula that relates the true airspeed to the eali-
brated airspeed may be found by equating the righi-hand
terms of equations (1) and (2) as follows:

. [(H_%l 2 7:) z‘z‘l_l}po [(mz; )7 1_1']
' (3)

Because the exact numerical solution of equation (3) for
true airspeed is involved and requires a great deal of time,
a namber of charts for the determination of the true air-
speed from the calibrated airspeed for various atmospheric
conditions have been derived. (See references 1 to 3.} A
typical chart (taken from reference 1) that shows the rela-
tionship between Mach number, calibrated airspeed, pres-
sure altitude, temperature, and true airspeed is given in
figure 1. This chart is widely used because of its conven-
ience. Airspeed may be obtained from this chart with an
accuracy within 2 miles per hour when standard conditions
hold and when values of airspeed and pressure altitude
explicitly given by the chart are chosen; the possible errors
increase to within 5 miles per hour, however, when the tem-
perature conditions are not standard and when interpolation
is required for both altitude and airspeed.

For some purposes, charts such as figure 1 arc not suffi-
ciently accurate. A series of logarithmic tables that may
be used to determine the true airspeed in knots from observed
values of calibrated airspeed, pressure altitude, and free-air
temperature is given in reference 4. Logarithmie {ables of
the type given in reference 4 are of limited usefulness since
they cannot be used conveniently to evaluate the inlerme-
diate quantities (impact pressure and Mach number) that
are involved in the computation of true airspeed.

A series of tables (tables I to V) is given in the present
report to permit determination of impact pressure ¢, in
pounds per square foot, Mach number 3£, and true airspeed
V in miles per hour or knots for observed values of 17 in
miles per hour or knots, pressure altitude A, in feet, and
temperature in degrees Fahrenheit or Centigrade. The
accuracy of the tables is far greater than that with which
experimental data can normally be obtained. With ordi-
nery care in interpolation, errors should be less than 0.25
mile per hour throughout the greater part of the airspeed
and altitude ranges.
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(From reference 1.)  Alrspeed indicator 13 assumed to Le calibrated to read true alrspoed for standard sea-level conditions.

F16CRE 1.—Chart of alrspeed against Mach namber.
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Table I, which gives values of impact pressure ¢ in pounds
per square foot for values of V. in miles per hour, was com-
puted directly from equation (2), standard values were used
for all the constants occurring in this equation. Table IT
gives values of impact pressure ¢. in pounds per square foot
for values of V. in knots. In computing the values of ¢, in
. table II, the conversion from feet to nautical miles used was
as follows: o

1 nautical mile=6080.2 feet
Tables I and II give the impact pressures for V. in increments
of 1 mile per hour and 1 knot for speeds corresponding to
Mach numbers at sea level from 0 to0.1.000.

Table III gives values of static pressure p in pounds per
square foot for various values of pressure altitude %, from
—1,000 to 60,000 feet in increments of 100 feet and from
60,000 to 100,000 in increments of 1,000 feet for standard
atmospheric conditions. (The use of the term “standard
atmosphere’ throughout this report includes values for the
standard atmosphere up to an altitude of 65,000 feet and
for the tentative extension of the standard atmosphere from
65,000 to 100,000 feet.) The valuesgiven in table III were
computed from the equation

by ;Q'Lm T logm B (4)

which is given as equation (4) of reference 5 with slightly
different symbols.
From tables I or II and III the ratio of 1mpact Ppressure

to static pressure ¢./p may be established and the Mach |

number, which is & function of this ratio, may then be found.
The relation between Meach number and ¢,/p may be found
from equation (1) as

M=[5[<"L°+ 1)2”—'1]}”2 (5)

Table IV gives values of Mach number for various values of
the ratio g./7.

The Mach number M is defined as the ratio of the true
airspeed to the speed of sound in ambient air and thus, with
the Mach number determined, the true airspeed may be
found by the use of

V=Ma (6)

The speed of sound in ambient air is found from the

equation _
a=,/7§- - (7

which may be rewritten in the following forms when the
value of v is assumed equal to 1.4 and the air is assumed to
follow the gas law

2T
= Pu T

If @ is in miles per hour and 7 is in degrees Fahrenheit
absolute

a=33.42{T S ®

If ¢ is in knots and T'is in degrees Fahrenheit absolute
a=29.02yT  (8)

If a is in miles per hour and T is in degrees Centigrade
absolute

a=44.84yT (8b)
If @ is in knots and 7'is in degrees Centigrade absolule

a=38.944T _ (8c)

. Table V gives the speed of sound for values of free-air

temperature in degrees Fahrenheit, and table VI gives the

speed of sound for temperatures in degrees Centigrade.

Tables V and VI give the speed of sound both in miles per

hour and in knots.

In order to illustrate the use of tables I to VI to determine
the true airspeed from calibrated airspeed, the following
example is presented:

Given: . .
Calibrated airspeed V.=3898 miles per hour -
Pressure altitude £,=22,000 feet
Temperature {=—12° F

To find:

True airspeed V in miles per hour
Step (1)
From table I, for 7,=398 miles per hour,
. ¢.=433.7 pounds per square foot
Step (2)
From table III, for h,=22,000 feet,

' p=893.3 pounds per square foot
Step (3)

From these values,

‘21; éggg 0.4855

Step (4)
Fram tahle IV, for %f=0.4855,

. M=0.7136
Step (5)
From table V, for i=—12°F,
a="706.9 miles per hour
Step (6) '
By use of equation (6),
=Ma=0.7736X706.9 miles per hour
=546.8 miles per hour

DETERMINATION OF TRUE AIRSPEED FROM IMPACT PRESSURE

In order to convert measurements of impact pressure Lo
true airspeed, the static pressure and the speed of sound must
be known. It is convenient first to determine the Mach
number from measurements of the impact pressure and the
static pressure. Table IV may be used to find the Mach
number from the ratio ¢, to p and tables V and VI may be
used to find the speed of sound for various values of the free-
air temperature. The true airspeed may then be deter-
mined from equation (6).
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DETERMINATION OF DYNAMIC PRESSURE AND EQUIVALENT AIRSPEED

In order to reduce flight-test data to coefficient form or to
demonstrate compliance with certain structural require-
ments, either the dynamic pressure g or the equivalent
airspeed ¥V must be determined. The relations of dynamic
pressure and equivalent airspeed to impact pressure, static
pressure, calibrated airspeed, end Mach number are therefore
presented.

Since the dynamie pressure ¢ is by definition

1
g=3pV* (9)

it may be expressed as a function of the impact pressure by
solving equation (1) for true airspeed and substituting the
resultant expression into equation (9}, which reduces to

g=f2 q: (10)

where

x=i )
=Yg @) ]

§42051—80——T

Values of the compressibility factor f are given in figure 2
as & function of ¢/p. The dynamic pressure may also be
expressed as a function of Mach number and static pressure
from equations (6), (7), and (9) as

g=gpM* (12)
Since the equivalent airspeed V, is by definition

V,=Voh= V\/ £ (13)
Po

the relation between the equivalent airspeed in miles per
hour, Mach number, and pressure ratio can be derived from
equations (6}, (8), (13), and the gas-law equation as

V.=760.9M\/§_ (14)
Po .

The variation, determined from equation (14), of equivalent
airspeed with Mach number for pressure altitudes from 0 to
100,000 feet is given in figure 3. For convenience, the true
airspeed that applies to the standard atmosphere computed
from equations (13) and (14) is also included in figure 3.
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Finally, expressions that will relate the true airspeed, the
calibrated airspeed, and the equivalent airspeed are deter-
mined. If equation (2) is solved for V:

VF‘/ - :qno {(pq'l) J\/I (15)
Y [P S P

equation (15) becomes

If

_'fo—\/Tlc ’ (17)

The compressibility factor f, is given in figure 2 as a function
of g./p,. Similarly, the true airspeed may be written,

Ve [ 2e (18)
e |
From equations (17) and (18)
_v L [
V=V, Vo (19)
When equations (13) and (19) are summarized
V= .,f 2 ‘/5 20
14 3 =V, ) (20)
For convenience, equations relating the various airspeed
quantities are listed in appendix A.

DETERMINATION OF REYNOLDS NUMBER

In comparisons of flight and wind-tunnel results charts
relating the Reynolds number to the Mach number have
been found convenient.

Reynolds number is defined by the formula

Yip_Vi
P

R= (21)
where [ is a characteristic length such as the chord. Equa-
tion (21) may be written so that the Reynolds number is
expressed as a function of Mach number and absolute
temperature in degrees Fahrenhelt for unit values of the
characteristic length [ as

1T2=49.02M1[T

14

(22)

In order to facilitate the determination of Reynolds number,
figure 4 has been prepared to show the variation of the factor
R,,/l with Mach number and pressure altitude, where
R, is the Reynolds number computed on the basis of the

standard atmosphere. Figure 4 (a) holds for pressure
altitudes from sea level to 60,000 feet, and figure 4 (b} holds
for pressure altitudes from 60,000 to 100,000 feet.

In order to account for free-air conditions other than stand-

ard, figure 5 is given to be used in conjunction with figure 4.

2.318 T3~2

When p= “10° T1216 (justification for the use of thisequa-

tion given in the section entitled “Properties of Standard
Atmosphere”) is substituted into equation (21), the Reynolds
number factor may be written :

§= 1.232p TH218 18 (23)

The Reynolds number factor in the standard atmosphere
becomes .
Bra_y g3opps Tout216 (24)

l T

When equation (28) is divided by equation (24)
T,,d> T4-216

T,ut216
Figure 5 gives B/R,,; as a function of pressure altitude and
the deviation Af of the free-air temperature from standard
temperature for a given pressure altitude. In equation
form,

(25)

AM=T—T,, (26)

The curves of figure 5 become straight lines for pressure

altitudes above 35,332 feet, since T, is constant above this
altitude range. _
In order to illustrate the procedure to be used in determin-
ing Reynolds number, the following example is presented:
Given: N
Mach number 3=0.75
Pressure altitude £,=35,000 feet
Characteristic length [=10 feet i
Deviation of free-air temperature from standard tem-
perature Ai=—10°F
To find:
Reynolds number R
Step (1)
From ﬁgure 4 (a), for AM=0.75 and %,=35,000 feet,

T= 1 ,800,000 per foot

Step (2)
For [=10 feet,
R,.+=18,000,000
Step (3) N .
From figure. 5, for A,=35,000 feet and A¢=—10° F,
B 1036

d
Step (4)
From these values,
R=18,600,000



193/ SO SpUDSNOYL ‘AY BPNLIHO BINSSIUS 1884 4O SPUDSTIOUL ‘Ty Spnyiio .4Nssa.,
~ LY} O ~ i~

© O 9 oy QL 9 w Mn\

(a)

85
//

N

//m./,/ % 6/ / ,/ //
,// Ma N\ NENARR

NN N

ANEAN

//
L1
-
e

NEAN \

o}

/
23
/
—
-

v
/// =
///,/// L]
1
/
/
|

837—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

P
-
/I
=~
—
///
A A

REFPORT NO.

8x/0¢%

LO

(v}
£ 7 -8

5
Mach numbers M

(a) Pressure altitudes from 0 to 60,000 feet.

4
(b} Pressure altitudes from 60,000 to 100,000 feet.

F1GURE £.—Variation of Reynolds number factor in the standard atmosphere.

- e e —

o

=

78

© [} %+ 1) L\Y] ~ O
4004 43T I[Py opon) JSQUINU SPIOUAIY

.8x/08

N Q 5. ¥ ® y
J0os Jad 3Py Liogony Jequinu SPIo0UASY




STANDARD NOMENCLATURE FOR AIRSPEEDS WITH TABLES AND CHARTS FOR USE IN CALCULATION OF AIRSPEED /9

L32 I
At
L28 ("F‘)_
i -60 _|
¥ ]
g 124 e
- L AT -50
$120 — —
& o e,
S L '5'/ ] LT -40
E I e, oy //"‘/
3 e
A e = = -30 |
L — 1
S -
S I e
. 108 — -£0
5
Sro¢ -0 |
g |
8100 Z
Y
S /
§.96 j
g 20 |
% .se:““ e
N — N
N —— ] +
* ! i
P - I o 40
é’ ‘88\ \‘\\\,\ il
S — =] 50
\‘\\ I
84 ] 60
.80 !
[ £ & 2 168 20 24 28 32 36 40

FPressure aoffifude, h,, rhousonds of ‘feet

Fravre 5—Veriation of Reynolds number temperature correction factor with pressure gltl-
tude and the deviation Af of tke free-air temperature from the temperature of the standard
atmosphere.

PROPERTIES OF STANDARD ATMOSPHERE

For many purposes, such as performance and load caleu-
lations, the concept of a standard atmosphere has proved to
be very useful. The United States standard atmosphere
was officially adopted in 1925 (veference 6). In reference 6
tables are given that are of most use ip the calibration of

instruments. The properties of this atmosphere were

originally tabulated by Diehl (reference 5).
Table VII gives the standard atmospheric values up to
altitudes of 65,000 feet and includes quantities that have

been found to be of use in the interpretation of airspeed and

related factors. These quantities are the pressure in pounds
per square foot, the pressure in inches of water, the speed
of sound, the coefficient of viscosity u, and the kinematic
viscosity ». All the quantities given in table VII are in the
English system of units for every 500 feet of altitude up to
65,000 feet.

The values given in table VII for the coefficient of vis-
cosity p and the kinematic viscosity » are not standard values
since a standardization of air viscosity hes not been agreed
upon as yet. The values listed for g and » are believed to
be sufficiently accurate, however, to be useful in caleulations
requiring viscosity of air.

For altitudes from sea level to 35,000 feet, the pressure p

in pounds per square foot and in inches of water was deter-
mined from the ratio p/p, given in reference 5 and values of
the pressure at sea level of 2116.2 pounds per square foot and
407.1 inches of water. The sea-level pressure in pounds
per square foot is based on the pressure in inches of mercury
at 32° F of 29.921. The sea-level pressure in inches of
water is based on the pressure in inches of mercury at 32° F
and water at 5¢6° F. The pressure p in inches of mercury for
altitudes up to 35,000 feet is taken directly from reference 5.

The quantities mass density p and density ratio ¢ are also
taken directly from reference 5 for the altitudes from 0 to
35,000 feet.
the mass density, and the density ratio were recalculated,
since a minor error was discovered in the calculations of
reference 5 for the pressure ratio for altitudes above 35,332
feet.

The quantity 1/+/¢ is given to facilitate the computation
of the true airspeed V from the equivalent airspeed V,.

The absolute temperature in degrees Fahrenheit was ob-
tained from reference 5 except for altitudes above 32,000
feet, where interpolation was necessary at the 500-foot

-stations.

For ready reference, the standard values and the variation

© with altitude of temperature and density originally used in

the computations for the standard atmosphere are included
in appendix B of the present paper.

The speed of sound in miles per hour computed from
equation (8) is given in table VII. A value of y=1.4 was

assumed to hold for the temperature range that is included

in table VIT.
The coefficient of viscosity u was computed from the
formula :
_ 2318 T*~
F=7108 T+216

Equation {27) was obtained from reference 7 by converting
the equation given therein to the English system of units
and by starting with a value of p=3.725X1077 consistent
with the standard sea-level conditions.

The kinematic viscosity of air » was obtained from the
definition

=7 (28)

TENTATIVE EXTENSION OF STANDARD ATMOSPHERE

The NACA Special Subcommittee on the Upper Atmos-
phere at a meeting on June 24, 1946, resolved that the
tentative extension of the standard atmosphere from 65,000
to 100,000 feet be based upon a constant composition of the

atmosphere and an isothermal temperature which are the. ..

same as standard conditions at 65,000 feet. This tentative
extended isothermal region ends at 32 kilometers (approxi-
mately 105,000 ft). It is possible that as results of higher
altitude temperature soundings become avsilable and the
standard atmosphere is extended to very high altitudes
the present recommendation may be modified.

For altitudes over 35,000 feet the pressures,

@n
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The Subcommittee also recommended that the values of
temperature given in the following table be considered as
meaximum and mipimum values occurring for the given
altitudes with the variations between the specified points
to be linear:.

Temperature
Altitude (°C abs) .
(lkm) ST e
Minimum Maximum
20 180 250
25 I 250
45 200 380

A tentative extension of the standard atmosphere com-
puted from the equations given in appendi‘c B using the
recommended isothermal temperature is given in table VIII
for altitudes from 65,000 to 100,000 feet. All quantitics
given in table VII are included in table VIII.

- —

LANGLEY MEMORIAL AERONAUTICAL LiABORATORY,
NarioNaL Apvisory COMMITTEE FOR AERONAUTICS,
- Laxeuey Fiewp, Va., July 17, 1946.

APPENDIX A
SUMMARY OF EQUATIONS RELATING AIRSPEED QUANTITIES

The equations relating the various airspeed quantities,
which are given in the present paper, are as follows: . _

¥— 1 P - 7
g:=p (1+ 55 Vﬂ) 1:| for V<a (A1)
B X .
— y—lp 1
o=t (1+ . V,’) l]for V<a  (A2)
— oV (43)
7=r"q. (A4)
q=y pM’* (A5)
P—Poz%% (A6)
71
=Y/ Y _P| (%L T
‘/7—1 p (p+1) 1:| (A7)
B =
=%/ X DPoj (4 v
Jo \/7—1 g <P0+1) 1] (A8)
_ & 2/7—_" 172 .
y=ls[(L+1) 1] (49

(A10)

-2

If ¢ is in miles per hour and T is in degrees Falirenheil

absolute
a=33.42T T (A1)
If a is in knots and 7 is in degrees Fahrenheit absolute
a=29.02yT (A12)

If ¢ is in miles per hour and T is in degrees Centigrade
absolute

0=44.84T (A13)
If @ is in knots and T is in degrees Centigrade absolule
a=38.94T (A14)
. V=Ma (A15)
.. I NC (A16)
P
Ve 22 (A17)
Po
Ve=Voti= V\/_ (A18)
Vi(mph)=760.90/2 (A1)



APPENDIX B

CONSTANTS AND EQUATIONS FOR USE IN COMPUTATIONS OF STANDARD ATMOSPHERE

The values of the standard atmosphere given herein are
based on the following values:

Sea-level pressure p,=29.921 in. Hg
=2116.2 Ib/ft?

Sea-level temperature #=>59°F

Sea-level absolute temperature 7T,=518.4°F

Sea-level density p,=0.002378 slug/ft?

Gravity ¢=32.1740 ft/sec?

g{=0.(}0356617° F/ft

The altitude of the lower limit of the isothermal atmos-
phere 35,332 ft

Specific weight of mercury at 32° F=848.7149 1b/ft?

Specific weight of water at 59° ¥=62.3724 1b/ft?

Up to the lower limit of the isothermal atmosphere (—67° F
corresponding to 35,332 ft) the temperature is assumed to
decrease linearly according to the equation

T= To—%h (B1)

Temperature gradient

Further, the atmosphere is- assumed to be & dry perfect gas
that obeys the laws of Charles and Boyle, so that the mass
density corresponding to the pressure and temperature is

—p 2 1o
P=po Do T (B2)

In reference 5 the pressure and altitude are related by

— P Tuy, Do
'h_pogm T logig v (B3)
where m is the modulus for common logarithms, that is,
m=logy; e=0.434294 (B4)
The harmonic mean temperature T, is given by
7 _ZAh _ AbFARE. .. (B5)

T GART ARy, Al
T ni-{-m-l-. .o

where Top, Tapyy - -
altitude increments ARy, Ak, . . . .
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TABLE IV
MACH NUMBER FOR VARIOUS VALUES OF g./p
[For example: at %-o.cm. M=0.1725; at %—o.o«s, Mm0.2254]

I

7 0 1 2 3 4 & 6 T 8 @
0 0. 0000 0.0377 0.0536 0. 0757 0. 0846 0.0027 0.1001 0. 1089 0.1138
.01 L1184 . 12582 1307 .1360 L1411 - 14680 . 1608 .1654 -1509 -1642
.02 .1684 .1725 17 . 1804 .1848 .1881 . 1018 .1854 . 1000 - 2025
.03 . 2059 . 2080 . 2126 A58 .9 2228 . 2254 . 3286 - 2015 - 2845
.04 2374 .2408 . 2482 . 3460 2438 . 2516 - 238 . 2570 - 2597 . 2628
.06 2649 - 2075 2701 .2728 . 3761 278 . 2801 . 2825 .2849 . 2873
.06 2807 2021 2044 2067 - 2030 - 3018 3028 . 8068 - 3080 . 3102
07 .8124 8146 . 3167 . 3189 8210 . 3281 3252 3273 8203 3314
08 8334 3354 L3374 . 3304 L8414 3434 L8453 -3478 -3402 8611
.09 -3530 . 8549 . 35688 - 3587 . 3606 .3624 . 3043 . 3661 .3679

10 3718 3783 3751 8769 - 8788 3821 . 3839 . 3856 3873
1 -3907 .8024 . 3041 -3958 3574 3601 4007 . 4024 L4040
12 -4058 4072 .40890 4105 .4121 -4137 L4153 .4168 L4184 . 4189
I8 -4215 .4231 . 4248 . 4281 4277 .4203 4307 L4822 4338 .
14 4367 4382 4397 4412 4427 4441 4456 . 4470 4484 . 4400
15 4513 .4527 4542 L4558 -4570 4584 .4508 4612 46268 .4640
16 4654 .4668 4695 - 4709 4723 . 4736 4750 4763 4777
.17 . 4790 . 4803 4817 . 4830 .4843 . 4856 . 4889 .4882 . 4908
.18 . 4021 .4034 4047 .4960 4972 . 4085 . 4968 . 5010 -5023 . 5035
Ie .. - 5060 5078 . 5085 - 5098 .5110 . 5122 . 5135 5147 .5159
20 5171 - 5183 . 6166 5207 . 8219 . 5231 . 5243 5258 5268 5278
a . 5200 . 8302 . 6318 . 5328 . 3887 6348 . 5360 . 5372 - 8388 . 5305 .
22 . 5406 . 5417 . 5429 . 5440 - 5452 . 5463 . 5474 . 5485 . 5407 . 5508
23 . 5519 5630 - 5641 5552 . 5863 3374 . 3585 - . 5807 . 6618
24 . . 5640 . 5651 5662 - 5673 . . 5684 . .5716 . 5720
.25 - 5187 . 5748 - 57868 . 5769 .69 5700 8500 . 5811 . 5821 . 5832
.2 . . 5852 . . 887 . . 5804 .5014 5985
b 5045 . 6055 . 5966 5875 5985 . 5905 . 6005 . 6015 . 8025 6035
28 . . 80565 - . 6075 . 6004 6104 . 6114 6124 8133
29 -6143 . 6153 6162 .6172 - 8182 .8191 -8201 . 6210 - 6220 . 6220
.80 -6239 . 6248 . 6288 . 8267 8T . 6288 . 6208 . 6305 .6314 .6324
.81 . 6338 . 6342 6352 - 6361 . 6370 6874 . 6388 -G398 . 6407 6416
.83 6426 L6434 . 8443 6452 . 6461 8470 .8479 0488 . 6407 .
33 -6516 . 6524 .6538 6542 . 8651 6560 . 6569 .85678 . 6538 . 6505
34 . 0604 . 6613 . 6622 .6830 . 5639 . 6648 . 6656 . 6665 . 6574 . 6682
.38 . 6681 .6700 . 8708 . 8717 -6726 6784 .6742 - 6751 . 8759 . 6768
36 .6778 .6784 . 6763 . 6801 - 6810 .6818 . 6827 . 8885 6343 . 6882
37 . 6876 . 6885 . 8901 . 6909 .6918 . 6028 . 6834
38 - 6942 6050 .6958 . 8066 . 6978 6983 -89@ . 6009 . 7007 . 7015
. .7023 7081 7039 - T47 . . 7063 . 7071 . 7070 . T067 -T085
.40 . 7103 7111 .7119 L7127 . 7186 .T148 7151 71589 . 7168 1T
.41 L7182 7180 . 7205 . 7218 7221 - . T4 . T251
.42 . 7259 7267 -T274 7252 -7290 T . 7806 . 7312 . 7820

.43 - 7888 . 7848 . 7850 . 7858 . 7365 .7873 . 7380 . 7388 . 7808 7403
.44 . 7410 7417 L7425 . 7432 . 7430 . 7446 . T454 . 7461 .T68 . 7476
45 . 7483 . 749 L7408 . 75058 . 7612 7520 . 7627 . 7534 . 7541 - T5D
.46 . 7658 . 7563 . 7871 L7508 . 7585 . 7682 . 7550 7607 L7614 . 7621
.47 . 7628 . 7635 . 7042 7640 . 7658 . 7663 . 7670 < T87T . 7684 . 7891
.48 . 7088 . 7708 .12 T 7726 7733 7740 T 7754 . 7761
.40 .7768 JTT75 . TT82 .Te88 . T705 . 7802 . T809 . 7818 . 7822 . T829
.50 . 7836 .T843 7850 7867 . 7863 . 7810 . T8IT . 7884 7890 7807
.51 . 7904 7RI ™17 T4 . 7881 . T858 ] . 7051 . 7058 . 7904
.62 7071 . L7084 . 7001 . 78908 8004 .80 8017 8024 .

« 88 .8037 . 8044 -8060 - 8056 . 8063 8070 8076 -8082 . 8085 . 8096
N .8102 . 8109 8115 8122 .8128 -8135 .8141 .8148 . 8154 .8161
.56 . 8187 8178 .8180 . 8186 81682 . 81489 - 8206 8211 sar .8224
.56 . . 8236 8243 -8240 . 8262 . 8268 L8274 . 8280 8287
.87 .8293 - . 8305 .8312 8818 8924 .8380 8349
.58 . 83st 8368 8874 . - 8392 8394 8405 8411
.50 8417 8423 . 8435 8441 8447 -8453 . 8450 -8465 8471
.60 8417 8483 . L8485 . 8601 . 8507 8518 .8619 g526 . 8581
.61 8637 8543 8540 . . 8561 . 8566 -8572 . 8584 . 8580
.62 8596 . 8602 . .8614 8620 . 8620 . 8632 . 8687 . 8043 - 8649
.63 . . 8661 8667 . 8673 .8678 - 8684 . 8600 .8i01 8707
.64 <8713 8718 . 8780 . 87142 8747 87583 8750 8764
.65 8770 8176 8781 . 8787 .8700 . 8810 . 8816 .8821
.66 . 8827 .8€33 . L8844 &350 . 88556 - 8861 . 8877
.87 8883 8888 8804 . 8600 . 8905 -8010 16 8622 8027 . 8932
.68 8688 -8044 8949 . 8055 - 8960 . 8066 8971 .8982 8988
.08 8988 8098 . 9004 . 8000 L9015 - 9081 . 9036 . 9042
.70 9047 . 9052 . - 9069 L9074 - 9080 . 9086 .
.71 9101 .9106 -Q112 L8117 .9122 .9 .9132 9138 .g143 -9149
] 54 . 91580 -9165 170 L9175 - 9188 L9191 . 9108 -

.73 . . 0217 0223 . . 9233 . 9238 9248 0249 9254
.74 L9259 . . 9278 - 9280 . . 9200 . 9206 @301 8306
.78 .g811 .9318 o821 . 9826 .9381 . 9336 0343 6347 . 9862 . 9867
.78 . . . 9872 . 8877 .0388 . 9388 9393 - 9403 0408
.77 6413 0418 . 9438 .9438 LH48 o448 9458 0458
. . . 9478 478 0483 9458 - 9403 9408 . 9503 . 9508
.79 . 9518 L9518 9533 . 9638 .9 9547 . 9552 - 9657
-80 6562 9567 . 8672 . 8877 . 9582 . 8587 . 0602 . 9586 9601 . 9608
81 9611 9616 .g621 . 9625 6630 0635 . . 9640 9654
82 . 9659 . . 9669 . 9678 9078 - 9683

.8 L9712 0717 | 9722 . 9781 9738 0741 9743 9780
84 8755 . 9760 L9784 9769 9774 978 9783 9788 9793

.86 . . 9807 L9811 .9816 9821 .0828 . 9830 . 9835 . 9840 0844
.88 .9849 0854 . 9867 .8873 . 9877 9881 0386 09890
.87 . 8900 - 8004 018 . 9918 L0023 . 9932 9938
.88 9041 . 9946 9050 6655 . 9064 . 9969 8973 . 8979 2582
.89 9987 . 9992 8696 10000
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TABLE V
SPEED OF SOUND. FOR VARIOUS VALUES OF FREE-AIR TEMPERATURE IN DEGREES FAHRENHEIT
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SPEED OF SOUND FOR VARIOUS VALUES OF FREE-AIR TEMPERATURE IN DEGREES CENTIGRADE
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TABLE VII
PROPERTIES OF THE STANDARD ATMOSPHERE
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TABLE VII
PROPERTIES OF THE STANDARD ATMOSPHERE—Concluded

Speed of
sound, a
(mph)

‘g33d39dsgds 29ddddedss

CEEEREEERE

LEEERBERRE

CEREERRERE]

"85 1% _
mMym m WD DG b U L D 1D &S o owme ] =11
28 £ | SE3R8328R82 2BEERE5ER S2RYSRSSIE SIEIVTCEB: vopoorsgsy sRBURSNINSS
S vV BB ESds dHdE NN G dhbdseddad gaddfddal feirivdddEdddd
38§ |1

- & 5, 22223299209 3923522908 232920998 2OELgesesy SY9gegazs sunnssagand
8 & | dedcicdcddcdncnidl dodddoddddodd dddddddddd doidddoddadodn ddoidadoddd dodeisiclaicdciodedad”
ODOOODOOOTD 000ODOOODO ODISIOODD ODOIDDHOOOOT CODOOOOOOD DOCOODDODOOSD

GERERREEERE

=

AR AAA A ool

Y geggssEndyy suddgasdey doddadaday suuEdntiayy Suvdssysy dudaudddyse

. ' : . e o . _ . : [ . ] . P e e s Vo

-1, | ERSREH2EEEE SIRENVSENR KRESRYILES HECSURERAE ZLOUREEINR 2RINISEEAC
" defedcdeded ddoicioidcidedad cinicicidddaddd dadduoddde KKK doiode |

>
Fooz| gagogaasans gegpengony 2N-SESR BR2REL srenpee-EE SESERBARREY
55717 S20guaNHNEe SRANNESRT: nfsRseRnd RviRusAnd dmschssRR Soo0dfeRli:
g mmmm&mmmmmm Hggissagge sgnynsssee ga38 mmmmm MM1mazmmmm 4mnsmmmmmmm
= | GEECIeRECCE 2iocceRine diiiiidReR Baiidai Dhiianl deeitin
£°f | gee3ss888es s88es 88558 8388855 5338583888 Sssss 8835 88333388 22
W | $55KUEEB2ES ISY%825U%C 3838ESR08Y 9585328830 BIEfYsingY 288233388
m rodfddddBedy SSSdSHdddd dddeimddadaded &&&&&&Z&&& cdedcdciciciciodedod dadairdddriricdrieg
a L5 - . v N A L s s e
g m exumeIssoos IIZUSILRRY ISOASNIISS ELSINSBLIR ALNRYBLNGR SuBSLeIeSs
il 4 ($3E3gRRUEEE SRR dgEgds Sgunudads Idddddds ERdddadgR AURNAERENnA
A . : _
N o S i N SO DI 1 R At T A LA L e LA A e M b S s B SN S SN
5 | 5983¢eduays 9rdEsdasy ZoARERERET RaEAENsRE gdedgEdsd dudsrsndRy
85825885288 5925283888 2554885888 5388298335 2823583888 885588888a8

Altl%ude.
(ft)

SOS2EEEEYEd ST

SRR

gedgddaddy
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TABLE VIII
RTIES OF THE TENTATIVE STANDARD-ATMOSPHERE EXTENSION
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